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To determine whether infection with HIV-1 strains of different tropisms would influence expression of the mucosa-
associated integrins a4b7 and aEb7 or the lymph node homing receptor L-selectin on peripheral T lymphocytes, cells were
infected with the CXCR4-tropic (X4)/syncytium-inducing (SI) HIV-1IIIB strain or with X4/SI or CCR5-tropic (R5)/non-SI (NSI)
primary human isolates. Flow cytometric analyses of CD41 T cells from cultures infected with HIV-1IIIB and one X4/SI primary
HIV-1 isolate revealed a significant increase in surface expression of a4b7 and aEb7 12 days after infection. L-selectin
expression was not significantly affected on CD41 T cells. However, infection with another X4/SI and two R5/NSI primary
HIV-1 isolates did not significantly alter homing receptor expression on CD41 T cells. Since a higher degree of CD4
cytopathicity occurred in those cultures having increased integrin expression, these data suggest that significantly altered
mucosal homing receptor expression on CD41 T cells may result as a “bystander” effect after infection with some cytopathic
isolates of HIV-1. © 2001 Academic Press
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It is now widely accepted that mucosal membranes
are the most common routes of entry for HIV-1 (Mestecky
and Jackson, 1994; Miller et al., 1993). However, little is
known about the effect initial HIV-1 infection may have
upon the local mucosal environment and how ensuing
changes affect disease progression. Infection across a
mucosal barrier, such as the genital tract, ultimately
results in the dissemination of HIV-1 to the circulation
and peripheral lymph nodes. However, the resulting pa-
thology is not limited strictly to the systemic lymphoid
tissues. Changes can occur in mucosal sites such as the
intestine where CD4:CD8 T-cell ratios are often altered in
a manner similar to those of peripheral blood (Schneider
et al., 1997). The integrity of intestinal tissue is often
compromised by clinical manifestations of HIV-1 infec-
tion, including malabsorption, opportunistic infections,
altered intestinal morphology, and increased mononu-
clear cell infiltration (Ehrenpreis et al., 1992; Kotler et al.,
1991; Heise et al., 1991). Furthermore, these symptoms
are also observed after SIV infection of rhesus and pig-
tailed macaques, a model system that reproduces most
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262features of HIV-1 infection in humans (Heise et al., 1994;
Fultz et al., 1989). As early as 1 week after SIV infection
of macaques, infiltration of SIV-infected T cells and mac-
rophages occurs throughout gut-associated lymphoid
tissues (Heise et al., 1994). Recent studies have indi-
cated that the intestine appears to be a major site for SIV
replication during early infection (Veazey et al., 1998).
Moreover, we have demonstrated that infection with
HIV-1 or SIV can induce T-cell infiltration into intestinal
tissues of SCID mice engrafted with human or nonhuman
primate peripheral blood mononuclear cells (PBMC)
(Donze et al., 1998). These studies indicated that the
nature of viral replication and infectivity may have influ-
enced the homing of cells to intestinal tissues and sug-
gested that retrovirus-induced infiltration of T cells into
the intestine may contribute to the associated dysfunc-
tion of the mucosal immune system.
Recent findings have shown that chemokine receptors
serve as coreceptors for HIV-1 (Deng et al., 1996; Dragic
et al., 1996; Feng et al., 1996; Oberlin et al., 1996) and that
chemokines can cause migration of cells in vivo (Del
Pozo et al., 1996); thus it seems possible that HIV-1 could
alter those receptors (adhesion molecules) involved in
the homing of lymphocytes to mucosal sites (Williams
and Butcher, 1997). Adhesion molecules were first impli-
cated in HIV pathogenesis with the discovery that b2
integrins (LFA-1 and Mac-1) are involved in HIV-induced
syncytium formation in both T cells and monocytes (Hil-
dreth and Orentas, 1989; Pantaleo et al., 1991; Valentin et
al., 1990). Recent studies indicated that HIV-1 or virion-
associated proteins (gp120 and Tat) are capable of al-
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263HIV INFECTION ALTERS INTEGRIN EXPRESSIONtering homing receptor expression on both lymphocytes
and monocytes (Birdsall et al., 1997; Bragardo et al.,
1997; Dhawan et al., 1995; Lafrenie et al., 1996; Nottet et
al., 1996; Shrikant et al., 1996; Wang et al., 1997; Weeks et
al., 1991). Such findings may explain the loss of CD41 T
cells from peripheral blood and the eventual accumula-
tion of HIV-1-infected CD41 T cells within the lymph
nodes of infected individuals (Wang et al., 1997).
Differential expression of two major homing receptors
appears to determine whether homing to peripheral or
mucosal (intestinal) lymphoid tissues occurs. The cell-
surface glycoprotein L-selectin is constitutively ex-
pressed on most peripheral blood leukocytes and is
involved primarily in the movement of lymphocytes into
peripheral lymph nodes (Butcher and Picker, 1996; Hunt
et al., 1996). It can also bind to the mucosal vascular
addressin MAdCAM-1 and thus direct cells to the intes-
tine. On the other hand, the integrin a4b7 is principally
nvolved in the movement of lymphocytes into the intes-
ine through its binding to MAdCAM-1, which is ex-
ressed on the high endothelial venules (HEV) of Peyer’s
atches and mesenteric lymph nodes as well as muco-
al lamina propria venules (Berlin et al., 1993; Butcher
nd Picker, 1996; Hunt et al., 1996; Picker, 1994). Despite
linical evidence suggesting possible alterations in lym-
hocyte recirculation patterns that may result in T-cell
nfiltration into peripheral lymph nodes (Nuovo et al.,
994; Pantaleo et al., 1993) or the intestine (Fultz et al.,
989; Heise et al., 1991, 1994; Kotler et al., 1991), little is
nown about potential mechanisms that could account
or such shifts in homing patterns. One study indicated
hat exposure of resting T cells to HIV-1 transiently up-
egulated cell-surface expression of L-selectin (Wang et
l., 1997). Such findings may account for the decrease in
D41 T cells in peripheral blood of HIV-1-infected indi-
iduals and the development of lymphadenopathy.
Although its role in homing is somewhat controversial,
he integrin aEb7 is exclusively expressed on intestinal
ntraepithelial lymphocytes (IEL) and mediates their ad-
erence to the intestinal epithelium (Cepek et al., 1993;
ussell et al., 1994). Since IEL appear to play an essen-
ial role in the surveillance and repair of damaged intes-
inal epithelium (Boismenu and Havran, 1994), it is rea-
onable to speculate that these cells are instrumental in
aintaining epithelial integrity. Our previous experiments
ndicated that lentivirus infection may induce T-cell infil-
ration not only into the intestine but also specifically to
he IEL compartment (Donze et al., 1998). In those stud-
es, the greatest numbers of primate T cells were ob-
erved in the intestines of those mice engrafted with
IVsmmPBj14-infected macaque PBMC. Interestingly, the
IVsmmPBj14 isolate is an acutely pathogenic lentivirus that
engenders severe gastrointestinal disease in macaque
monkeys (Fultz et al., 1989). Moreover, results from onetudy proposed that this enteropathic isolate of SIV can
nduce expression of the aEb7 integrin on macaqueymphocytes (Gummuluru et al., 1996). These findings
mply that accumulation of lymphocytes within the intes-
ines of HIV-1-infected humans or SIV-infected macaques
ay be due in part to upregulation of the aEb7 integrin
by these lentiviruses.
Since each of these adhesion molecules (a4b7, aEb7,
or L-selectin) is either directly involved in intestinal hom-
ing or associated with retention in the intestinal micro-
environment, the present study was designed to deter-
mine the effects of in vitro HIV-1 infection on surface
expression of these receptors on T lymphocytes. We
report that infection of PBMC with certain highly cyto-
pathic X4 HIV-1 strains results in increased expression of
the mucosa-associated integrins (a4b7 and aEb7) on
CD41 T cells.
RESULTS
ncreased expression of the mucosa-associated
ntegrins on CD41 cells after infection with HIV-1IIIB
and a primary X4 HIV-1 isolate (HAHO)
All of the tested HIV-1 strains had reached similar
FIG. 1. Growth curves demonstrating relative differences in virus
replication among the IIIB, X4 (GOPA, HAHO), and R5 (KW, PA) HIV-1
strains. Complete replication kinetics of HIV-1 strains through Day 28
after infection in PBMC from a representative Red Cross Leukopak (A).
Virus replication from Day 4 until Day 12 after infection in PBMC from
one representative donor (B).replication levels by Day 12 after infection (Fig. 1); there-
fore, this time point was chosen for analysis by flow
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264 CUMMINS ET AL.cytometry. The total numbers of CD41 cells were re-
uced in the cultures infected with IIIB and the GOPA,
AHO, KW, and PA primary HIV-1 isolates in comparison
o donor-matched, uninfected control cultures (Fig. 2).
ince PBMC from each donor were infected with each of
he HIV-1 strains, the relative cytopathicity of each strain
ould be compared. In general, the primary R5 strains
ere less cytopathic than the primary X4 or the IIIB
trains (Fig. 2). The IIIB and HAHO strains demonstrated
he highest cytopathic effect on CD41 cells, but the total
numbers of CD81 cells in all of the virus-infected cultures
did not change in comparison to donor-matched, unin-
fected control cultures (Fig. 2). Analysis of CD4 expres-
sion by mean fluorescent intensity (MFI) revealed that
downregulation of CD4 had occurred in the virus cul-
tures, a finding that was more pronounced in the X4
cultures (IIIB, GOPA, and HAHO) (Table 1). Since down-
regulation of CD4 could affect determination of CD41/
CD42 populations in the virus cultures, PBMC were an-
alyzed by three-color flow cytometry for expression of
CD3 and CD4/CD8. This analysis indicated that the ma-
jority of CD41 cells were still detectable by flow cytom-
FIG. 2. Total numbers of CD41 T cells (top) and CD81 T cells (bottom)
12 days after infection with either the IIIB strain or X4 (GOPA, HAHO)
and R5 (KW, PA) primary HIV-1 isolates. The horizontal lines represent
the approximate total number of cells present when the cultures were
initiated. (Donor 1, E; Donor 2, ; and Donor 3, h) (The total number for
ach T-cell subpopulation was calculated by multiplying the CD4/CD8
ercentages of gated lymphocytes as determined by flow cytometry by
he total number of viable cells within each culture as determined by
rypan blue dye exclusion.)try (not shown) and that subsequent evaluation of hom-
ng receptor expression could be accomplished.Three-color flow cytometry revealed a significant
hange in homing receptor expression on Day 12 in the
ultures infected with IIIB and HAHO (Figs. 3–5). Analysis
f the CD41 cells from cultures infected with the IIIB
train revealed a significant increase in expression, as
etermined by MFI, of aEb7 and increased expression,
hough not quite significant, of a4b7 (Figs. 3 and 5). Little
hange in expression of L-selectin was observed on
D41 T cells (Fig. 3); however, decreased expression of
-selectin was observed on CD81 T cells (Fig. 3), a
finding that has been observed by others (Hayes et al.,
999). Interestingly, it is not clear why L-selectin expres-
ion appears to be decreased to a greater degree in the
otal PBMC population compared to its expression in the
D81 subpopulation (Fig. 3). Furthermore, analysis of the
D41 cells from cultures infected with the primary HAHO
train showed a significant increase in surface expres-
ion of a4b7 and aEb7 with little change in L-selectin
(Figs. 4 and 5). Decreased expression of L-selectin was
also observed on CD81 T cells (Fig. 4). Expression of
a4b7 and aEb7 was not significantly altered on CD81
cells as a result of infection with any of the HIV-1 strains
(Figs. 3 and 4). The results obtained in these studies
suggested that the increased expression of the mucosa-
associated integrins on CD41 cells may result from a
irus-dependent effect of the similarly cytopathic IIIB and
rimary HAHO HIV-1 strains. To determine if this effect
ccurred early in infection, PBMC from two donors were
nfected with IIIB, and three-color flow cytometry was
sed to follow the expression of a4b7, aEb7, and L-
electin on CD41 and CD81 T cells at time points rang-
ng from 30 min until 48 h after infection (0.5, 1, 2, 4, 8, 12,
4, and 48 h). No significant difference in expression of
hese receptors on infected CD41 or CD81 cells com-
pared to uninfected cells occurred during the first 2 days
after infection (not shown).
Expression of homing receptors on HIV-1-infected
cells
To determine if infection of a CD41 cell is necessary
for increased expression of the mucosal-related inte-
TABLE 1
CD4 Expression (MFI)a in HIV-1-Infected PBMC Cultures
Donor Control IIIB
X4 R5
GOPA HAHO KW PA
1 683 308 481 427 614 561
2 831 248 569 288 639 463
3 875 256 382 344 508 650
a Mean fluorescent intensity of CD4 receptor on CD41 T cells 12 days
after infection with either the IIIB strain or the X4 or R5 primary HIV-1
isolates as compared to expression on uninfected control PBMC on
Day 12.
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265HIV INFECTION ALTERS INTEGRIN EXPRESSIONgrins, we utilized a technique that included cellular per-
meabilization and subsequent intracellular fluorescent
staining of p24 to determine the distribution of the inte-
grins on IIIB-infected cells. Flow cytometry was used to
examine surface receptor (a4b7, aEb7, and L-selectin)/
ntracellular p24 expression before (Day 9) and after (Day
4) peak viral replication. Since the highly cytopathic IIIB
train caused dramatic loss of CD41 cells 12 days after
infection (Fig. 2), it is not surprising that a decreasing
proportion of p241 cells is observed at 14 days (5%) as
compared to 9 days (12%) after infection (Table 2). Data
indicated that 9 days after infection, a significant popu-
lation of HIV-1-infected cells did not express the a4b7
(18%) or aEb7 (53%) integrins (Table 2). This suggests
hat mucosal integrin expression is not necessarily in-
reased on HIV-1-infected cells but rather may be a
bystander” effect of HIV-1 infection. Interestingly, by Day
4, there was a selective loss of a4b72/p241 cells in the
IIIB-infected cultures. However, the distribution of aEb7
nd L-selectin expression within the p241 population
remained relatively unchanged (Table 2). On the other
hand, by Day 14, there was a selective loss of aEb7/p242
cells in the IIIB-infected cultures while the distribution of
2
FIG. 3. Three-color flow cytometric analysis of surface homing recep
donor 12 days after infection. Representative histogram overlays from a
culture (bold line) are shown. Histogram overlays indicating expression
CD41 (middle) and CD81 (right) T cells are shown. Within each overla
ertical dashed line for receptor expression on the uninfected cells an
eak in each histogram plot represents the unstained cell populationa4b7 and L-selectin expression within the p24 popula-
ion remaining relatively unchanged (Table 2). Althoughhese findings indicate specific losses in expression of
a4b7 in infected (p241) cells and aEb7 in uninfected
(p242) cells, together these data suggest that there may
e a selective loss of a4b72/CD41 and aEb72/CD41
cells after infection with certain cytopathic X4 HIV-1
strains.
Loss of integrinlo/CD41 and/or integrin2/CD41
phenotypes after infection with HIV-1IIIB and a primary
X4 HIV-1 isolate (HAHO)
Since the above results suggest that direct viral infec-
tion did not induce expression of a4b7 or aEb7 on CD41
T cells, flow cytometric data from the previously de-
scribed experiment (IIIB and HAHO) were analyzed in
terms of cellular phenotypes, since a loss in integrinlo/
CD41 and/or integrin2/CD41 cells could result in a pop-
ulation of CD41 T cells with increased integrin expres-
ion levels. Dot-plot representations of the data suggest
hat there was a loss of both a4b7lo or a4b72/CD41 and
aEb7lo or aEb72/CD41 cells after infection with HIV-1IIIB
and HAHO. These findings with respect to IIIB infection
are depicted in Fig. 6. In all instances, the most dramatic
lo 2 1
ression on uninfected and IIIB-infected PBMC from one representative
ected control culture (dashed line) and the corresponding IIIB-infected
7 (top), aEb7 (middle), and L-selectin (bottom) on total PBMC (left) and
mean fluorescence intensity (MFI) for each histogram is shown as a
vertical solid line for expression on the IIIB-infected cells. The far left
rmined using the appropriate isotype-matched antibody controls.tor exp
n uninf
of a4b
y, theloss occurred in the aEb7 or aEb7 /CD4 populations
(Fig. 6). In contrast to the a4b72/p241 population, it was
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266 CUMMINS ET AL.not clear why a loss of the aEb72/p241 population was
not observed in previous experiments. Therefore, to de-
termine if loss of the aEb72/CD41 population occurred
over time, PBMC from several donors were exposed to
the HAHO primary HIV-1 isolate, and flow cytometry was
used to follow the aEb72/CD41 population at 4, 6, 8, 11,
13, 15, and 18 days after infection. The size of this
population remained similar in both control and infected
cultures until a rapid decline in CD41 T cell numbers was
observed later in infection (beyond Day 12). Further, the
loss of the aEb72/CD41 population appeared to coincide
ith this decline in CD41 T cell numbers (not shown), a
inding in accord with the Day 12 data from the previous
xperiment (Figs. 2–5). Therefore, the increased expres-
ion of the mucosal integrins observed on CD41 T cells
fter infection with the highly cytopathic HIV-1 strains
IIIB and HAHO) (Figs. 3–5) was likely reflective of the
ntegrinhi/CD41 population that remained 12 days after
infection.
DISCUSSION
Since few peripheral blood CD41 lymphocytes are
FIG. 4. Three-color flow cytometric analysis of surface homing recep
tative donor 12 days after infection. Representative histogram overla
HAHO-infected culture (bold line) are shown. Histogram overlays indica
PBMC (left) and CD41 (middle) and CD81 (right) T cells are shown. W
is shown as a vertical dashed line for receptor expression on the unin
cells. The far left peak in each histogram plot represents the unstained c
controls.IV-1-infected (Brinchmann et al., 1991; Ho et al., 1995)
nd major sites of HIV-1 replication appear to be inymphoid tissues such as lymph nodes (Lafeuillade et al.,
998; Pantaleo et al., 1998) and the intestine (Veazey et
l., 1998), results from the present studies may indicate
lterations in homing receptor expression occurring on
D41 T cells within sites of viral replication. We re-
stricted our analysis to T lymphocytes since our previous
results showed that HIV-1 infection can lead to selective
T-cell homing into the intestine (Donze et al., 1998). In
those experiments, infection with the cytopathic HIV-1IIIB
strain led to significant accumulation of human T cells in
the lamina propria and intraepithelial compartments of
the murine intestine within 1–2 weeks. Accordingly, HIV-
1IIIB as well as X4 and R5 primary HIV-1 isolates were
used in in vitro studies to determine if differing pheno-
types of HIV-1 could mediate changes in homing recep-
tor expression on T lymphocytes.
Although infection with HIV-1IIIB yielded a significant
increase in only aEb7 expression on CD41 T cells, sig-
nificant elevation of expression of both a4b7 and aEb7
on CD41 T cells occurred after infection with the X4
HAHO isolate. Infection with the X4 GOPA isolate and
both R5 primary strains yielded no significant differences
ression on uninfected and HAHO-infected PBMC from one represen-
an uninfected control culture (dashed line) and the corresponding
pression of a4b7 (top), aEb7 (middle), and L-selectin (bottom) on total
ch overlay, the mean fluorescence intensity (MFI) for each histogram
cells and as a vertical solid line for expression on the HAHO-infected
ulation as determined using the appropriate isotype-matched antibodytor exp
ys from
ting ex
ithin eain expression. Although comparable virus replication oc-
curred in all of the HIV-1-infected cultures, there was an
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267HIV INFECTION ALTERS INTEGRIN EXPRESSIONimportant difference among the virus strains tested: the
degree of cytopathicity for CD41 T cells. Interestingly,
nfection with the two most cytopathic strains led to
ncreased integrin expression on CD41 cells. This find-
ng may be crucial to understanding how HIV-1 infection
lters mucosa-associated receptor expression on CD41
T cells.
In our previous studies, HIV-1IIIB and SIVsmmPBj14 effi-
iently induced the homing of human or macaque T cells
nto the SCID mouse intestine (Donze et al., 1998). Re-
ults from another study suggested that the acutely
athogenic SIVsmmPBj14 can induce expression of the aEb7
integrin on macaque lymphocytes (Gummuluru et al.,
1996). Those results, along with those described here,
FIG. 5. Surface homing receptor expression (MFI) on CD41 T cells 12
days after infection with either the IIIB strain or the X4 or R5 primary
HIV-1 isolates, as compared to expression on uninfected control PBMC
on Day 12 (donor matched). Three-color flow cytometric analysis was
used to determine a4b7 (top), aEb7 (middle), or L-selectin (bottom)
expression on CD41 T cells within each culture. (Donor 1, E; Donor 2,
; and Donor 3, h) Data were analyzed using a paired Student’s t test.suggest an important correlation between the cytopath-
icity of a particular lentivirus strain and the subsequent
aexpression of mucosa-associated receptors on CD41
lymphocytes.
Our studies examining integrin expression during
early infection with the highly cytopathic HIV-1IIIB strain
evealed no increase in integrin expression on the CD41
population during the first 48 h after infection. Although
intracellular p24 staining demonstrated that increased
mucosal integrin expression on PBMC was not directly
dependent on HIV-1 infection of these cells at Day 9, this
analysis indicated that there may be a selective loss of
a4b72/p241 cells by Day 14. Further, additional flow
cytometric analysis and time-course data indicated that
loss of integrinlo or integrin2/CD41 T cells coincided with
significant loss of CD41 T cells after infection with HIV-
1IIIB or HAHO. Consequently, the remaining integrin
hi/
CD41 cells had increased integrin expression as com-
ared to controls. It is not clear why a loss of the aEb72/
241 phenotype did not occur while loss of the aEb72/
CD41 phenotype was observed. Given the low numbers
of infected cells in these cultures, these findings suggest
that loss of the integrinlo or integrin2 phenotype predom-
inantly occurs in uninfected CD41 T cells; thus, alter-
tions in the integrinlo or integrin2/p241 phenotype may
ot be reflected in analysis of the integrinlo or integrin2/
CD41 phenotype. Altogether these results imply that the
observed increase in the number of CD41 T cells ex-
pressing increased a4b7 and aEb7 levels later in infec-
tion may be a virus-dependent “bystander” effect in cul-
tures in which significant replication of a highly cyto-
pathic X4 HIV-1 strain is occurring.
Syncytium formation in cultured T cells requires the
CD4 molecule and both the HIV-1 gp120 and gp41 enve-
lope proteins (Levy, 1993). Since it has been linked to
cytopathicity and cell death (Lifson et al., 1986), it has
been suggested that gp120 may determine the cytopath-
icity of HIV-1 strains (Levy, 1993). Given the differences
observed in integrin expression in cultures infected with
the X4 and R5 HIV-1 strains, we speculate that gp120 of
X4 strains may mediate changes in surface homing re-
ceptor expression on CD41 T cells. Interestingly, results
rom a previous study indicated that recombinant gp120
erived from HIV-1IIIB induced CD4 association with
D49d, the a4 integrin chain (Bragardo et al., 1997). It
was demonstrated that gp120 exposure could increase
homing of murine T cells transfected with human CD4
into the murine intestine. These results suggest that the
increased a4b7 expression on CD41 T cells in the
present studies may result from the presence of highly
cytopathic HIV-1IIIB gp120 and further imply that gp120
rom the highly cytopathic X4 primary HIV-1 isolate is
lso capable of associating with the a4 chain. However,
it is currently not known how gp120 binding of the a4 or
aE chain might effect integrin expression on subpopula-
tions (integrinhi, integrinlo, and integrin2) of CD41 T cellsnd any subsequent effects on homing.
On the other hand, expression of the aEb7 integrin
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268 CUMMINS ET AL.can be induced by the presence of transforming growth
factor-b (TGF-b) (Cepek et al., 1993). Increased TGF-b
mRNA expression has been reported in PBMC of HIV-1-
infected patients (Hu et al., 1996). It has further been
hown that HIV-1 gp160 can induce significant TGF-b
secretion and TGF-b mRNA expression in PBMC from
ealthy donors (Hu et al., 1996). The latter study also
emonstrated that CD4/gp160 interaction is required to
nduce TGF-b production (Hu et al., 1996). These results
uggest that the increased aEb7 expression on CD41 T
cells that we report may be due to increased production
of TGF-b. Since our data imply that soluble factors may
play a role in alteration of integrin expression, future
studies should include analysis of TGF-b levels in rela-
ion to aEb7 and a4b7 expression.
These data, along with those from our previous stud-
ies in SCID mice (Donze et al., 1998) may explain in part
the increased infiltration of lymphocytes into intestinal
tissues often observed in HIV-infected patients. Our re-
sults suggest that infection with certain cytopathic
strains of HIV-1, through selection of cells with higher
a4b7 and aEb7 surface expression, may increase the
homing and retention of CD41 lymphocytes within this
mucosal microenvironment. Although most of the HIV-1
strains isolated early from infected humans display the
R5/NSI phenotype (Connor et al., 1997), the intestine
contains a preponderance of activated R51 target cells
(Agace et al., 2000). Consequently, the intestine can
serve as a reservoir for virus, and gastrointestinal dys-
function can occur early after infection. However, as the
disease course progresses to AIDS, X4/SI viruses
emerge as the predominant phenotype (Connor et al.,
1997). Our data suggest that the emergence of cytopathic
X4/SI HIV-1 strains may not only deplete CD41 T cells but
lso decrease specific subpopulations (integrin2 and/or
integrinlo) such that the remaining CD41 cells (integrinhi)
T
Intracellular p24/Surface Homing Receptor
Receptor
Day
post-infection
Percentage
p241
(total PBMC)b
Percentage
receptor1
(total p241)c
a4b7 9 12 82
aEb7 47
L-selectin 95
a4b7 14 5 100
aEb7 52
L-selectin 98
a Data are representative of 2 experiments.
b Percentage of p241 cells within the total PBMC population.
c Percentage of receptor1 or receptor2 cells within the total p241 po
d Percentage of p242 cells within the total PBMC population.
e Percentage of receptor1 or receptor2 cells within the total p242 pore primed for homing into the intestine, thus potentiat-
ng further gastrointestinal pathology. Further experi-
t
Tents will confirm whether intestinal lymphocytes
resent in HIV-1-infected individuals or SCID mice
Donze et al., 1998) demonstrate increased expression of
he mucosa-associated integrins.
Increased infiltration of CD41 lymphocytes into the
intestine would be expected to have important clinical
consequences. Local production of cytokines, such as
IFN-g and IL-4 (Carol et al., 1998), by resident T cells is
ritical for maintenance of secretory IgA production and
ransport as well as for cytotoxic T lymphocyte re-
ponses. An influx of nonspecific T lymphocytes into the
ntestine might alter this cytokine network, perhaps im-
airing the ability to generate local immune responses.
n addition, T-cell infiltration into the IEL compartment
ay affect gut physiology and influence the regulatory
ole played by resident IEL (Boismenu and Havran, 1994).
or example, altered secretion of IFN-g and IL-4 by IEL
decreases the selective transport of polymeric IgA
through epithelial cells (Phillips et al., 1990). In turn, local
immunity, integrity of the mucosal barrier, and physiology
would likely be compromised, allowing the intestine to
become more susceptible to secondary infections com-
mon in HIV-infected individuals.
MATERIALS AND METHODS
Cells
Heparinized blood was obtained by venipuncture from
healthy volunteers. In some instances, Leukopaks ob-
tained from the American Red Cross (Birmingham, AL)
were used. PBMC were isolated by centrifugation on a
Ficoll–Hypaque density gradient (Lymphocyte Separa-
tion Medium; Organon Teknika Corp., Durham, NC). The
cells were washed and resuspended in complete RPMI
1640 medium (supplemented with L-glutamine, 100 U/ml
penicillin, 100 mg/ml streptomycin, and 20% FBS) con-
ssion in HIV-1IIIB-Infected PBMC Cultures
a
ercentage
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total p241)c
Percentage
p242
(total PBMC)d
Percentage
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Percentage
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269HIV INFECTION ALTERS INTEGRIN EXPRESSIONand subsequently cultured in complete RPMI 1640 sup-
plemented with 0.5 ng rhIL-2/ml (R & D Systems, Inc.,
Minneapolis, MN). This supplemented media will be des-
ignated as “complete IL-2 media.”
HIV1 PBMC
1
FIG. 6. Three-color flow cytometric analysis of uninfected and IIIB-infe
control culture (left) and a IIIB-infected culture (right) are shown (same P
as well as a4b7 (top), aEb7 (middle), and L-selectin (bottom) expression
n the upper right quadrant of each profile. In addition, the MFI of the
populations are labeled accordingly.Blood was obtained from HIV patients enrolled at
he UAB 1917 Dental Clinic. PBMC were isolated as
t
Uescribed above and cocultured to obtain primary
IV-1 isolates (see below). Patients were classified
ccording to the clinical categories determined by
he Centers for Disease Control and Prevention (CDC,
992). Written informed consent was obtained from
ll volunteers, according to a protocol approved by
BMC at 12 days after infection. Representative data from an uninfected
onor). The cell populations were analyzed for CD4 expression ( x axis)
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A PBMC-adapted HIV-1IIIB stock, designated “IIIB,” was
enerated by infecting PBMC with a T-cell line-adapted
IV-1IIIB stock (produced in the MOLT4 clone 8 T-cell
ine). To obtain primary HIV-1 isolates, HIV1 patient
BMC were cocultured with PHA-stimulated PBMC at a
atio of 1:3 (patient cell:PHA-stimulated cell). These co-
ultures were maintained in complete IL-2 media. Viral
tocks from the HIV-1IIIB-infected PBMC or the primary
ocultures were generated from those culture superna-
ants demonstrating peak viral replication as determined
y a standard reverse transcriptase (RT) assay (Kozlow-
ki et al., 1994). The IIIB and primary virus stocks were
itrated on PBMC. Briefly, serial 10-fold dilutions (1021 to
026) of the virus stocks were used to infect quadrupli-
cate wells of a 24-well tissue culture plate seeded with
2 3 106 PHA-stimulated PBMC. Culture supernatants
were removed every 5 days and replaced with fresh IL-2
media and/or PHA-stimulated PBMC every 10 days.
Three weeks after initiation of the end-point cultures,
supernatants were assayed for the presence of HIV-1
p24 using a standard p24 capture ELISA kit (Coulter
Corp., Miami, FL). The IIIB stock used in these experi-
ments was determined to have 104 median tissue culture
infectious dose (TCID50)/ml supernatant. The primary
HIV-1 isolate stocks were determined to have 104–5
TCID50/ml supernatant, as titrated on PBMC.
irus phenotype
Virus tropism was determined by infection of the MT-2
ell line and PBMC with the IIIB or the primary HIV-1
tocks, as described elsewhere (De Jong et al., 1996).
he IIIB stock readily formed syncytia in the MT-2 cul-
ures within 1–3 days after infection and was, therefore,
etermined to have the syncytium-inducing (SI) pheno-
ype. Two primary HIV-1 stocks, designated KW and PA,
hich failed to induce syncytia in MT-2 cells or PBMC by
ay 14 after infection, were generated. These two stocks
ere determined to have a non-syncytium-inducing (NSI)
henotype. Stocks of two primary HIV-1 isolates, desig-
ated GOPA and HAHO, induced syncytia formation in
T-2 cells within 1–3 days after infection and were
etermined to be syncytium-inducing (SI) strains.
In addition, assays using GHOST cell transfectants
xpressing either CCR5 or CXCR4 were done (Cecilia et
l., 1998). Infection of these cell types results in the
nduction of expression of the inserted gene for green
luorescent protein (GFP), thus providing a means to
etermine coreceptor usage by a particular HIV-1 strain
Cecilia et al., 1998). After 48-h exposure to the virus
train under investigation, cells were harvested and sub-
ected to flow cytometric analysis for the induction of
FP. The KW and PA primary HIV-1 strains induced GFP
nly in the GHOST cell transfectants expressing CCR5,
nd the GOPA and HAHO primary HIV-1 strains inducedFP only in the transfectants expressing CXCR4. Based
pon these findings, the KW and PA primary HIV-1 strains
ere determined to have the R5/NSI phenotype, and the
OPA and HAHO primary HIV-1 strains to have the X4/SI
henotype.
irus cultures
PBMC were infected with each of the IIIB or primary
irus stocks in order to determine growth characteristics.
HA-stimulated PBMC (10 3 106) from HIV-seronegative
donors were infected at a m.o.i. of 0.001 with each of the
virus stocks. After 1 h adsorption at 37°C, the cells were
resuspended in 10 ml of complete IL-2 media. Every 4
days, 4 ml of supernatant was removed and replaced
with 4 ml of fresh complete IL-2 media. Supernatants
were assayed for RT activity. The cultures were main-
tained for #28 days. Day 12 after infection was deter-
mined to be an appropriate time point for analysis of
homing receptor expression in these cultures since all of
the HIV-1 strains had reached significant replication lev-
els (.10,000 cpm/15 ml supernatant) that were compa-
able among strains (Fig. 1).
PBMC from three HIV-seronegative donors were used.
or each donor, 10 3 106 PHA-stimulated donor cells
ere infected at a m.o.i. of 0.001 with each of the follow-
ng virus stocks: IIIB, GOPA, HAHO, KW, and PA. After 1-h
dsorption at 37°C, the cells were washed and resus-
ended in 10 ml of complete IL-2 media. A control flask
f uninfected cells from each donor was also maintained
n tandem with the infected cultures. Every 4 days, 4 ml
f supernatant was removed from each culture and re-
laced with 4 ml of fresh complete IL-2 media. Superna-
ants were monitored for RT activity. The cultures were
aintained until Day 12 after infection, at which time
oming receptor expression was assessed.
To determine the early effect of HIV-1 infection on
oming receptor expression, two 10-ml cultures were set
p with PBMC from two donors and infected with IIIB, as
escribed above (m.o.i. of 0.001). At various time points
fter infection (0.5, 1, 2, 4, 8, 12, 24, and 48 h), cells were
emoved and analyzed by flow cytometry.
PBMC from two donors were infected with the X4/SI
AHO primary HIV-1 isolate (m.o.i. of 0.001) to determine
he loss of integrin2 phenotypes. At various time points
after infection (0, 4, 6, 8, 11, 13, 15, and 18 days), cells
were removed and analyzed by flow cytometry.
Flow cytometry
Cells were removed from the cultures and prepared for
three-color flow cytometric analysis. An unlabeled mu-
rine mAb specific for a4b7 (Act-1; a gift from Dr. Douglas
Ringler; LeukoSite, Inc., Cambridge, MA), aE integrin
chain (CD103; Immunotech, Westbrook, ME), or L-selec-
tin (Leu 8; Becton-Dickinson, San Jose, CA) was used.
Supernatant containing CD3-specific murine mAb from
o
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271HIV INFECTION ALTERS INTEGRIN EXPRESSIONthe OKT3 hybridoma cell line (American Type Culture
Collection, Manassas, VA) was also used. After incuba-
tion with a biotinylated goat anti-mouse Ig (H 1 L) sec-
ondary reagent (Southern Biotechnology Associates,
Inc., Birmingham, AL), a streptavidin-RPE-Cy5 tertiary
reagent (Dako Corp., Carpinteria, CA) was used along
with the directly labeled murine mAbs CD4-FITC and
CD8-PE (Becton-Dickinson) or CD4-PE and CD8-FITC
(Caltag Laboratories, Burlingame, CA). Appropriate iso-
type-matched controls were also used to determine the
extent of nonspecific staining. Before acquisition of
three-color data, the fluorescent signals for FITC, PE, and
RPE-Cy5 were carefully compensated. A total of 10,000
events was collected with no set restriction on forward/
side light scatter properties. Before subsequent analysis
of data, gates were carefully set for both lymphocytes
and CD4/CD8 subpopulations for each of the three
PBMC donors. These restricted gate settings were main-
tained for the duration of analysis for each set of data
from the three donors.
Intracellular p24
To determine which cultured cells were HIV-1-infected,
two-color flow cytometry incorporating an intracellular
staining protocol was used. In order to observe potential
changes in integrin1/2 cell populations during the course
f infection, uninfected and HIV-1IIIB-infected PBMC were
nalyzed both before (9 days) and after (14 days) peak
irus replication (approximately Day 12). After initial sur-
ace RPE-Cy5 staining for one of the adhesion molecules
s described above, the cells were fixed and permeabil-
zed using a commercial reagent system optimized for
ntracellular flow cytometry (Fix and Perm Cell Permeabi-
ization Kit; Caltag Laboratories). A PE-labeled murine
Ab specific for the p24 HIV-1 core protein (KC57-RD1;
oulter Immunology, Hialeah, FL) was used to label
ntracellular p24 Ag.
tatistical analysis
All statistical analyses were performed with InStat 2.0
GraphPad Software, San Diego, CA) software. Differ-
nces in homing receptor expression on HIV-1-infected
ere determined using the paired Student’s t test.
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